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Description 



BACKGHQUND OF THE INVENTION : L ^ : 



1. Field of the Invention 



The presetifinvention reiiates to-a positive electrode . ■ 
active material for a^lithium battery, a method for pro>, 
ducing the same, and a batterycchtaining tha same in 
the positive electrode thereof. * - w $ ! 

2 DescriDtion of the Related Art ->■ . r - • * - " r - " 



With the recent development cf portable electronic 
equipment, batteries of higher performance have been 
demanded. Lithium ion batteries using a carbon mate- 
ria) in the negative electrode- and Irthiunv cobaltate 
(LiCo0 2 ). which is r a r composite oxide having a iayen: 
structure, in the positive electrode have been put to 
practical in a nonaqueous battery having a high working 
voltage and a high energy density. Lithium nickelate (Li- 
containing nickel oxide; liiNiO^ is'-also a compound 
having the same layered crystal structure as- the lithium 
cobaltate in which lithium ions are intercalated between ; 
layers of NiO e octahedral sharirig edges: - - ' ■ 
Lithium nickelate is generally prepared by raxing-a 
nickel source selected from Ni(N0 3 ) 2 . "■Ni(OH)^NiC0 3 ..' 
NiO. NiGOH. etc. and a lithium source selected from 
LiOH, LiN0 3 , Li 2 C0 3 , Li 2 0 2 , etc., and subjecting the< 
mixture to a heat treatment at about 600 to 900°C in ah 
oxygen stream. ~ ^ ■ ^ . 

Since cobalt or nickel used in these active materials 
is expensive for scarcity, less expensive active materials 
for a positive electrode has been sought. For example, 
□-containing * manganese composite oxide ^(UK4ngp4> 
having ~a ^inei'structure has been proposed; but its tKe- 
oreticaf' capacity of 148 mAh/g is low, and the reduction 
in capacityMncreases with charge and dischargecydes: 
LiMhO^ has been proposed as a promising active 
matir&V for 8^&ne^ith ~> higher performances Among 
vario^^h^s^^extiibiied' by- -'LiMHOgr l tws:* ; pfta$es ?. 
whose crystal structure have been' well characterized; ; 
are a high temperature orthorhombic phase (Pmnm) 
and a low temperature tetragonal phase (i^/amd). Both 
structures Involve cubic close 'packing but they differ in 
the arrangement of the ordering of the iithium and man- 
ganese cations. The tetragonal form LigMnj^ is-pre ~ 
par&f &y r eia6trbchemicaliy : or chemically intercalating: 
iithium b inW'ih¥ ■ spinel ! UiMn^OJMat. 1 Resr " Bull; 
1 8( 1 S83 j^6i ^ t3( 1 983) ^1 375 ; - J . Electrbehem^ Soc; 
138(1991)2864 & 139(1992)937]. The orthorhombic 
phase his been prepared mainly by the solid state reac- 
tion at high temperature using different precursors -[J. 
Phys. Chem. Solid. 3(1957)20 &318; J. Phys. Radium 
20(1959)155; J: Ahorg. ASIg. Chem. 41 7(1 975)1 - 'Mater. 
Res. Bull. 28(1993)1249). However, orthorhombic 
LiMn0 2 was reported to be prepared at low temperature 
using the solid state reaction by heating a mixture ci f 
MnOOH and LiOH at 300 to 450°G [Chem. hxpress, 
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7(1 992)1 93].? An . other process' for; preparing the 
orthorhombic UMn0 2 at a temperature less than 1 00°C 
by ion :exchange- was reported. [J. Electrochem. Soc. 
140(1933)3396; Unexamined Japanese Patent Publica- 
tion (kokai) ;No ; v6-349494] in this case, the exchange 
was carried ioirt, by refluxing y-MnOGH : under boiling, 
condrticn intLiOH solution. So far, UMn0 2 isostractural 
with layered LiNi0 2 or LiQo0 2 has not yet been synthe- 
sized. 

Referring to LiMn0 2 having a layer structure, J. 
Solid State Chem., 104(1993)464 and US. Patent 
5,153,081 report that UMnp 2 having a monoclinic layer 
structure can be^obtained by acid leading of ; U 2 0 put of 
Li 2 Mn0 3 . In the first step, Li 2 Mn0 3 was prepared by 
reacting electrolytic manganese dioxide. (EMD) with a 
stoichiometric quantity of Li 2 0 3 . The obtained, material 
was then deiithiated using H 2 S0 4 at room temperature 

for 64 hoursr v ■ ; :^ : . . 

The thus obtained-substance exhibits a> discharge 
voltage of 3 V vs.: Li/Li + . Although the reaction product 
exhibits a new.X-ray diffraction peak at 20= 1 9^5° 9 . most 
of the other peaks correspond to th© starting material 
which is LigMnOcs (U.S. Patent 5, 1 53,081 ),Jgnpring ; the 
fact that most of the peaks are assigned to the starting 
Li 2 Mn0 3 , the inventors of U.S. Patent 5,153,081 identify 
the product to be a substance having a layer structure 
based onr^the peak at-, 20=1 9.5°, but the Jdsntif ication 
seems Jo be decisively unreasonable, In this:case, the 
product should rather be regarded as a lithium manga- 
nese oxide having ;a spinel structure as a basic skele- 
ton, such as Li 2 Mn 4 09 or Li 4 Mn 5 0 12 . 

Further, J. Solid State } Chem ;t 104(1993)464 
reports, a substance haying, a 'layer .structure whose X- 
ray diffraction pattern js different from.those of !JNi0 2 or 
LiCo0 2 . While not entering into details about structural 
refinement of the substance, the report based their lay- 
ered structure on the assumption that removal of Li 2 0 
from Li 2 Mn0 3 causes a shearing of the ciosed : packed 
oxygen planes to yield an oxygen array in the obtained 
material comprised of alternate layers of trigonal prisms 
where: lithium is located and sheets of edge-shared 
octahedra where manganese is located. In this case, 
the manganese; ions remain in alternate layers, and do 
not migrate to the lithium layers during the leaching 
process, and the lithium layer is arranged in a zig-zag 
fashion with lithium ions in a trigonal prismatic coordina- 
tion. 

Unexamined Japanese Patent Publication (kokai) 
No. 7-223819 reports that LiMn0 2 having a layer struc- 
ture:with a lattice constant of a=3.321 A and c=4.730 A 
is obtained by electrolysis method. This material is not 
isostructurai with UNi0 2 . Thus, no LiMn0 2 having a 
layer structure similar to that of LiNi0 2 or LiCo0 2 , has 
been synthesized yet. 

As stated above, although 4.0 V type LiMn 2 0 4 hav- 
ing a spinet structure has been proposed as an inexpen- 
sive Li-containing manganese composite oxide, the 
theoretical capacity is inferior to oxide compounds hav- 
ing a hexagonal layer structure, such as LiNi0 2 (theo- 
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reticaf capacity: 275 : *mAh/gpand LiCd0 2 '(theoretical <ti , a layer structure similar to the structure of LiNip^pr.- 

capacity: 274 mAh7g): *ln 'addition, fhe charge and dte*c -'nc UCo0 2 . The lithium manganate of the present invention 

charge cycle^Karacteristics are better-in layerectoxide;. \ = can be applied as a Ppsi^ye^e^r^e active materials . 

materials'- ^ThereforeV development of an ine^erreivfe ' J- ! an nonaqueous solution to provide inexpensive and 

active material having a layer structure similap*t6that:ot— 5'- high-performance batteries. noivv- > 

UNi0 2 dr tjCbba aWd establishrnfent of synthesis there*- ? s ;.* The active material according to the present inven- 

fore have beeri-kee^ly'demanded, but a usettiUmethod. > tion hias ^Jayer structure similarrtp.ithe, structure of 

of synthesis has not yet been established,-' ,: "e t- UNiO^or UCc&^M.e /;a sfrt^re^a^ 

; : • r ^ "nnertayer«d» structureipf Jhe, active rnateriaj can be 

SUMMARY OF THE 'INVENTION ' =»■• J : - 10 described from a packing MnO^slabs built up of edge- . 

~ ■• ts ;i ... sharing MnO e octahedra in between which lithium ions 

It is an ctoject of thS present invention to prepare are located in the octahedral: oxygen environment. This 

lithium manganate- with a structure different frormthe ~ structure comprises a layer of manganese ions in octa- 

spinel structure of known tiMngO^ but is analogous to^.1 - hedrai environment,; surrounded., by oxygen ions 

the hexagonal layer'structure of lithium cobattate Or litr* tv#s arranged in ascubio close packed arrangement resulting 

ium nickelatW, having a ; spade '^roup of R3m, arrcHs in th&.formation^f sheets, of edge-shared pctahedra. It 

therefore expected "to exhibit increased kctivity. asra :> also composes a lithium Jayec where lithiujn is having an 

positive electrode active material for lithium batteries: - octahedral: environment and js- sandwitched between 

The preiseht invention provides a-posftive electrode two layers of octahedral MnOe; :r 
active materi&i for lithium batteries which comprises I itrw ^o The active material according to the present inven- 

ium marigansfte having a hexagonal layer structure withi -r . ~ tion wasiound to have a 1 layer- structore having a lattice 

space group of !l R3m and exhibits continuous discharge* to constant of a=2.86 A and c= 14,23 A similarly to LiNi0 2 

voltage c>Wacteri£tics : "be*ween 4,5 V and 2 V vs. Li/U*._ & or LiCoOg. The lattice, constants not a fixed one. That , 

The active- material according to 5 the^'present invention ~r. is. the unit Jattice; constant isrsubject.to variation from * ^ 

has a thetxeticaPcapactfy of 286 mAh/g: C:* .,25 2.76 to 2.96 A as for a, : andKfrpnr) 14.13 to 14.33 A as for - 

The : preseht invention also provides a methoctfor arv c according to the: cpnditions.of preparation or by addi- 5 

producing 4ucK a positive electrode active materiaJr-and-^i tion of ifopantsuch as nickel, cobalt zinc. etc. The active 

a battery containing the positive =electrode'active mate- ^3 material; exhibits- continuous discharge characteristics 

rial. -i' zrjaovi between 4-5-.y:.and 2-V vs^Li/U" 4 . - 

The positive electrode active material aceording:to ^ 30 The active material of the invention is preferably ; 

the present invention undergoes homogeneous reac- produced by dissolving or suspending a starting manr 

tion to exhibit continuous discharge voltage dharacteris- ganese saltan lithium^solution and causing thesolution * 

tics between 4.5 V arid 2.0 \£ vis: Li/Li^- Tfce discharge ^; to react in an autoclave under high pressure and low pH v 

character^tics are sifable upon cycling, providing adorrg \& solution: Suitable .rawjcmangar?ese materials are inor- 

batter^ life: The 'active^ material of the invention ^ inex^O 35 ganicCsattsJ5uc*Xi^ ; and 

pensive arid ecohbmical. ?r>s;;:o;.;= >. o ^n-ni';*. MnGO^^ndcOrge^^^sy^as ma^gar^^ac^tate,,,. . 

•i : \ .v-v >,. ire:;: . . .Xi jv ; : ' . j* manganese bwtyrate, manganese*>xalate> ?P&&$P&r:t. 
BRlEFDESiCTIFTIOWOFTHE DRAWINGS Wv: : i- nci nese^citrate.: ; Suitable. T%w, Hthium rmterj^s.§u;p..^9y fi:; : , 
i=:i:^: - ?; , ~~::r^ - « .1 -r^j -bo-^; UNO^;cU 2 C03^y 2 OH IfthiOTi ac^tale.JitJiiy!}^ tB^.^te f 
Fig: -1 A shdws - an -X^ray diffraction patterru* oC i= .:*o lithigm;oxalate*-and i!tr«wmrCi?jateoSp^r^|^ f?§t V&fidt&v, . 
taMnOg shaving a^layer strtJCture accordrng:1b ttt&ri-A- in thftceactiop^re pttfifis«l w^er;,^^,9^^g £ §cJ^^tgj, B . 
present invention;"- *i >* K ^ s v jniLv-V.aV/ suchas. ethyl alcoholy ^methyl alcQhol,.aretope^ar^daQ|- ? 
Fig7l Bshows ah X-ray diffractibnpattern of UNi0 2 - ; tonitrile. The c reaction is preferably carrfed^itf at.a.ftigh 
having a layer structure; - H -n ' *v- : r: temperattice-^f ffCfn^^00,tO:300■ < ;.G...J a-;,' v-^qrr^/ ^.*/cf - 
Fig. 1C shows an X-ray diffraction • patterns of 45 UMn0 2 -having a layer ^ructure^an-be synthesize . . 
UMn0 2 with orthorhombic structure obtained by a: : by a toydrothermal process,. The high-pressure and low- 
conventional solid phase reaction; temperature^ hydrothercrrah. process, according ..to Jh$ 
Fig. 2 shows an illustration of the layer^structure of pres^,imwHor*j^^p..applica^|e t^ 
LiMn0 2 according to the present irWentiort'ahel:-' subS^ce^tevir^'.:a;t^yer^truG^ure, reprjes^^d f f3jfo: :! - 
Fig. 3 shows typical discharge characteristics 1 -of ^erwal fovfnulftAM^2.(A':M;^^^^ 
LiMn0 2 according tothepresent invention/: -:^i:^r; : c;- r Fe ( ;Qr.OP-V)i;.-.hu ^VPf'^^ : ^" fc >» ^S\(n^t)Zi;' 

J >} • i- •j^m;r;r .'•{ 0£f;' c .T?fr- '.Sic *; vcj v.m!«.t'. ;v:-if-vc,ri.:» ros-ci .%:r; > 

DETAILED DESCRIPTION OF THE INVENTION .^; f : ^ EXA^IP-bES -.r ^ ljr ; : L.- jr^r^m rtci:-: 7.^ 

The lithium manganate according to the invention is 55 : ( £jfeaipresent ■ jnventjpn^wjll pe. described in greater 
not the known UMn0 2 obtained by the reaction::.' detatf : iwithc reference, to .exampjes, but, it .should be 
between y-MnOOH and UOH in a solid phase calcina-. ' understood that the-present invention is notconstructed 
tion process but LiMn0 2 which is obtained by a hydro-. as being limited thereto. 

thermal reaction of y-Mn0 2 in an UOH solution and has 668 mg of UOH was dissolved in 120 ml of water at . 
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50°C, and thereafter, 50 mg of y-Mn0 2 was immersed 
therein for 30 minutes. The pH of the solution was 
adjusted to 1 to 2 and the mixture was heated in an pol- 
ytetrafluoroethylene-covered stainless steel autoclave 
at 1 70°C and 300 atm for 5 days to obtain lithium man- * 
ganate according to the present invention. 

The X-ray diffraction pattern (CuKa) of the resulting 
active material is shown in Fig. 1 A. For comparison, the 
diffraction pattern of LiNi0 2 having a layer structure is 
shown in Fig. 1B, and that of orthorhombic LiMn0 2 
obtained by a conventional solid phase reaction (calci- 
nation of a mixture of y-Mn0 2 and LiOH at 700°C) is 
shown in Fig. 1C. 

It can be seen that the diffraction pattern of the 
active material of the present invention is not similar to 
that of known orthorhombic LiMn0 2 but to that of LiNi0 2 
having a layer structure. It was found that the indices of 
a plane of the diffraction peaks can be assigned to the 
layer structure of hexagonal system having a space 
group of R3m. The structural description of the active 
material of the invention is shown in Fig. 2. 

The active material of the present invention has a 
packing structure of two Mn0 2 layers composed of octa- 
hedral of MnO e sharing edges, in which a lithium ion is 
surrounded by oxygen ions having an octahedral coor- 
dination. In this structure, manganese ions are arranged 
in layers and surrounded by an octahedron of oxygen 
ions which are arranged in cubic closest packing to form 
an octahedral layer sharing edges. The lithium ion of the 
lithium layer is sandwitched in between two layers of 
octahedral of MnO e . 

It was found that the structure of the active material 
of the present invention is similar to the layer structure 
of LiNi0 2 or UCo0 2 , typically having a unit lattice con- 
stant of a=2.86 A and c=14.23 A. The unit volume was 
101.23 A 3 , approximately the same as 101.3 A 3 of 
UNi0 2 . This means that the LiMn0 2 having a layer 
structure and UNi0 2 are apt to form a solid solution. In 
fact, addition of nickel to UMn0 2 results in stabilization 
of crystal properties, and the resulting solid solution was 
less susceptible to deterioration by charge and dis- 
charge cycles. 

On the other hand, because of structural difference 
between orthorhombic LiMn0 2 and LiNi0 2 , orthorhom- 
bic LiMn0 2 forms a solid solution LiMn x Ni 1 . x 0 2 
(0<x<0.5), but the solid solution has poor charge and 
discharge characteristics as reported in Solid State Ion- 
ics, 57(1992)311. It was confirmed that addition of 
cobalt to the active material of the invention produces 
the same effect. It is understood that the LiMn0 2 having 
a layer structure according to the invention is different 
from LiMn0 2 of orthorhombic structure the diffraction 
pattern of which is shown in Fig. 1C. 

The active material obtained in this Example had a 
layer structure of perfect hexagonal system in which no 
substitution between manganese ions and lithium ions 
was observed. While structures in which lithium and 
manganese are substituted with each other were 
obtained in some cases depending on the temperature 



and pressure conditions of the hydrothermal reaction, 
the active material principally had a layer structure. 

A battery was prepared using thus obtained active 
material 1 r as <a positive electrode active triatrial and 
metallic lithium as a negative electrode. When the:bat- 
tery was charged to 4.2 V ata current of 0.2 C and then 
discharged to 2 V at the same current, satisfactory elec- 
trochemical activity was exhibited. The typical discharge 
characteristics are shown in Fig. 3. It is seen that stable 

o discharge ; characteristics can be secured through the 
charge and discharge cycles. It is also seen that contin- 
uous discharge characteristics are exhibited between 
4.5 V and 2 V vs. Li/Li + , which, has not been reported to 
date. The LJMn0 2 -having, a layer structure has now 

is been proved to be an unreported inexpensive active 
material. The LiMn0 2 has a theoretical capacity density 
of 286 mAh/g. Further optimization of electrode design- 
ing will produce higher perfdrrnance. 

While the present invention has been described in 

20 detail and with reference to specific examples thereof, it 
will be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

25 Claims 

1 . ' A> positive electrode active material for lithium bat- 

teries comprising lithium manganate having a hex- 
agonal structure and a space group of R3m ( and 
30 exhibiting continuous discharge voltage character- 
istics between 4.5 V and 2 V vs. U/U + . 

2. A positive electrode active material according to 
claim 1 , wherein said lithium manganate has a unit 

35 lattice constant of a=2.76 to 2.96 A and c=14.13 to 
14.33 A. 

3. A positive electrode active material according to 
claim 1, further comprising at least one of nickel, 

40 cobalt, iron, chromium, zinc and vanadium. 

4. A battery comprising a positive electrode active 
material for lithium batteries comprising lithium 
manganate having a hexagonal structure and a 

45 space group of R3m, and exhibiting continuous dis- 
charge voltage characteristics between 4.5 V and 2 
V vs. Li/Li + ; and a negative electrode. 

5. A battery according to claim 4, wherein said nega- 
so five electrode comprises metallic lithium, carbon 

and metal alloys. 

6. A battery according to claim 4, wherein said lithium 
manganate has a unit lattice constant of a=2.76 to 

55 2.96 A and c=14.13 to 14.33 A. 

7. A battery according to claim 4, wherein said posi- 
tive electrode active material further comprises at 
least one of nickel, cobalt, zinc, iron, chromium and 
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8. A'method for producing a positive electrode, active 
material for lithium batteries wherein a raw manga- 1~ 
nese : material and a - raw lithium material are,\. s. 
reacted by"; a hydrothermal -process to ; producea- - 
Irthiummanganate. : * »>i ;r 

9. A method according to claim. 8, wherein-said raw : . 
manganese material is'selected from a group con-j : jo 
sisting of Mn0 2 . Mn20 3 , MnOOH, MnQ0 3 , manga- 
nese acetate, manganese butyrate, manganese 
oxalate, and manganese citrate, and said raw lith- 
ium materials is selected from a group consisting of 
LiOH,.UN0 3 , Li 2 C0 3 , Li 2°»* lithium ;acetate, lithium is 
butyrate, lithium oxalate, and J ithi urn citrate. } ~ 

10. A method according to claim S.-whereiasaid hydror : ; 
thermal, process is carried out in a solvent selectjed 
from purified water/ ethyl alcohol, methyl alcohol,; > :i 20 
acetone. ^and acetonitriie. . ... • , w-.-^:^ v. "iv 



•JJ.. J .72 



1 1 . A method according to claim 8, wherein.said hydro- 
thermal process is carried out at a temperature of 
100°C or higher. - : - iL\i'.? s 

12. A method according to .claim 11, wherein, said . 
hydrothermal process is carried-out at a tempera- 
ture of 300°C or less; r : vy.r > 
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